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Pressure differential (6) between cathode (2) and anode (3) is controlled by valve (24, 26) of valve complex (20). The com-
plex (20) is located within anode recirculation loop (8, 9, 3, 20) whereby controllability is not lost with no flow through the anode.
Control is thereby retained during nitrogen purging of the cathode. An orifice (22) in the valve complex (20) precludes accidental
full closure of the complex, and is selected to avoid immediate damage to the fuel cell on such closure.
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Description

Fuel Cell Power Plant

Technical Field

This invention relates to a power plant using a
fuel cell and more particularly to the fuel cell
limiting the pressure difference between the anode and
cathode sides of the cells.

Background of the Invention

In a fuel cell, the electrolyte betwéen the anode
and cathode is formed thin normally so that an internal
resistance of the cell is small.

For this reason, when a cell cross differential
pressure between the anode and the cathode becomes
high, fuel supplied to the anode or air supplied to the
cathode passes said electrolyte while not subject to an
electrochemical reaction, thus causing so-called
crossover phenomena and resulting in the deterioration
of cell performahce or partial fracture. While the
long term tolerable pressure differential is in the
order of 5 cm of water, a higher differential can
briefly be tolerated as a time related function. For
instance, 200 cm of water may be tolerated for 1 second
or 25 cm for 10 seconds.

A conventicnal fuel cell plant known in-the prior
is shown in Figure 3. Air from line 10 passes through
flow control value 11 to cathode 2 of fuel cell 1.
Discharge from the cathode passes through separator 12
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where water is removed 14. The air continues through
line 13 to burner 15 of reformer 1l6.

Fuel from liné 4 passes through flow control valve
5 to anode 3 of fuel cell 1. Residual fuel passes to
burner 15 in reformer 16 for combustion. Blower 8
operates in recirculation line 9 increasing the flow
through the anode to improve flow distribution.

Pressure difference sensor 6 detects the cross
cell pressure differential. ' Controller 6A operates
valve 7 in the anode discharge line to maintain the
desired pressure differential.

During normal operation anode exhaust fuel and
cathode exhaust air are supplied to a reformer burner
while firing them in the reformer. At this time,
pressures of the anode exhaust fuel and cathode exhaust
air become equal in a burner combustion chamber. The
number of devices installed in the cathode exhaust air
line is normally larger than in the anode exhaust fuel
line (for example, heat exchanger in the air line).

Therefore, a pressure loss in the cathode exhaust
air line becomes larger than that in the anode exhaust
fuel line and there is a possibility that an
untolerably large cathode to anode over-pressure may be
caused in steady state or transient operation.

Therefore, a control valve 7 in the anode exhaust
fuel line maintains a cell cross differential pressure
within an allowable range. 1In a normal operation
state, there is always a gas flow in the anode exhaust
fuel side. With the pressure in each of the cathode
and anode flow lines pegged at the burner this control
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valve may be modulated to affect the anode side
pressure level. This pressure difference across the
control valve is controlled to maintain the desired
cell cross differential pressure.

on the other hand, in a process for plant
shutdown, the air flow control valve is closed while
purging the cathode with a nitrogen flow 18. At the
same time, the fuel flow control valve 5 is also
closed, resulting in no fuel being supplied to the
burner through the anode.

However, with such a fuel cell power plant, no gas
flows in the anode exit line when the cathode exhaust
gas line is purged with nitrogen, and with the fuel
supply valve shut off. Therefore, no suitable pressure
difference is created across the valve no matter how
the cell cross differential pressure control valve is
controlled. Consequently, the function of cell cross
differential pressure adjustment is no longer
effective. As a result, an excess cell cross
differential pressure causes deterioration of cell
performance and fracture in part, as a fatal problem.

In such a flow scheme where the cell cross
differential pressure control valve comprises only a
single control valve, there is a problem when cell
cross differential pressure control becomes impossible
on failure of the control valve either fully open or
fully closed.

Summary of the Invention

In order to achieve the object described above
according to the present invention, a cell cross
differential pressure control valve is installed in the
line between the anode exit and the branch point of the
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anode recycle line. This anode recycle is used to
improve fuel distribution among the ancdes. When
purging nitrogen begins, the recycle blower is operated
to create a gas flow in the anode recycle line. Thus,
with this location of the control valve a suitable
differential pressure is produced across the valve and
the pressure may be controlled. In the result, cell
cross differential pressure control is accomplished
even during purge operation. ,

The control valve arrangement which maintains the
pressure differential across the cell include an always
open minimum flow path and preferably two parallel
valves operating at the mid-position. The minimum
opening limits pressure escalation if the valves fail
closed. The dual valves provide continued operability
in the event of failure of one of the valves.

Brief Description of the Drawings
Figure 1 is the process flow diagram for showing
an embodiment according to the present invention'
Figure 2 is the process flow diagram for showing
another embodiment of the invention: ,
Figure 3 shows the process flow diagram for a

conventional fuel cell power plant known in the prior
art.

Description of the Preferred Embodiment

Figure 1 shows an example of preferred flow scheme
for a fuel cell power plant according to the invention.
The same reference numerals are used for the same

portions as Fig. 3, while omitting detailed
descriptions.

.
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With this embodiment, valve complex 20, similar to
cell cross pressure control valve 7, is installed in an
anode recycle loop by locating it between the anode and
the takeoff for the recirculating line 9.

when the plant is on load operation, fuel and air
are supplied to the anode and the cathode by a fuel
flow control valve 5 and an air flow control valve 11,
respectively. Gases, leaving the anode and the
cathode, are supplied separately to a burner 15 and
used as a heat source for the fuel reforming reaction.
It is the same operation as the flow scheme of a fuel
cell plant shown in Fig. 4 in that the signal of a
differential pressure transmitter 6 is transferred to a
controller 6A from which a suitable valve opening
signal is given to the cell cross pressure control
valve 7.

When the plant is shutdown, and a nitrogen purge
flow is to be passed through the cathode, the anode
recirculation blower 8 is operated to prcduce‘a gas
flow in the anode recycle line. Since the cell cross
pressure control valve complex 20 is installed in the
recirculation loop, the pressure level in the anode
above the burner pressure may be modulated. An
anode-to-cathode pressure differential can therefore be
controlled.

As a result, the occurrence of excess cell cross
differential pressure onto the cell itself can be
effectively prevented, while enabling purging during
shut down without cell performance deterioration or
fracture.

The valve complex 20 is comprised of an orifice 22
in parallel with control valves 24 and 26. In the
prior art arrangement there was always the possibility
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that tlHe control valve would malfunction in the closed
position resulting in a rapid escalation of the anode
pressure. With a fixed opening in the line provided by
the orifice, the pressure escalation will be limited
because of the flow and pressure drop through the
orifice. Since the flows through the anode line and
the cathode line are normally in a substantially
constant ratio, it might theoretically be possible to
size the orifice to maintain the pressure drcp in both
lines. This, however, is not practical since the flows
are not always completely proportional and transient
operation must be considered. If the orifice were
sized at the limit, there would be no way to increase
the pressure drop in that line. Since, however, a
higher than normal pressure difference may be accepted
across the fuel cell electrolyte membrane for a short
period of time the orifice may be selected based on the
higher differential. This will not permit continued
operation in the event of a valve closure, but it will
avoid immediate damage, providing time to trip the
plant or take other remedial action.

This use of an orifice in parallel with control
valves has ufility even with the prior art anode
recirculation location. It's use in combination with
the new anode recirculation location provides a further
advantage, however. Should the orifice be selected
such that at some operating condition insufficient
pressure drop exists across the orifice, the
recirculation line may be activated providing increased
pressure drop across the orifice.

Valves 24 and 26 located in parallel with the
orifice are the valves which are modulated by
controller 6A to maintain the cross cell pressure
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difference. These are selected to operate in the mid

range and preferably selected so that if either valve
is full open or full closed, the other valve can
continue to control the pressure within the desired
range. Again, further control is possible by electing
whether or not to operate blower 86 and effect recycle
with flow passing through the control valve complex.

Further flexibility is achieved in the embodiment
illustrated in Figure 2. In the valve complex 20 the
multiposition valve 28 is substituted for orifice 22.
This valve preferably is not fully closable, but may be
set at any one of a plurality of openings. This is the
equivalent of the orifice, except that the orifice may
be changed by selecting the valve position. This
permits the partiéular orifice selection to be more
closely adjusted to the operating load condition of the
plant by manually or automatically selecting various
equivalent orifice sizes as a function of the load.

Accordingly, the cell cross pressure control of
the prior art is achieved without danger of immediate
damage in the event of a closed valve failure of the
control valve. Furthermore, the ability to maintain
pressure differential across the electrolyte membrane
is achieved during nitrogen purging with the plant shut
down.
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Claims

1. In a fuel cell power plant including a fuel cell
stack containing fuel cells, each having an anode and a
cathode, an anode recirculation line for returning at
least a part of anode exhaust gas via an anode recycle
blower to the anode inlet, a differential pressure
transmitter for measuring a differential pressure
between the anode and the cathode, a cell cross
pressure control valve complex, and a controller for
controlling a degree of opening of said cell cross
pressure control valve according to a measured value of
said differential pressure transmitter, the fuel cell
power plant characterized in that said cell cross
pressure control valve complex is installed in the line
between the anode outlet and a branch point of said
anode recirculation line from the anode outlet line.

2. A fuel cell power plant as in claim 1, wherein
said cell cross pressure control valve comprises a
control valve and either an orifice or a fixed opening
throttle valve, and said control valve is in parallel
with said orifice or throttle valve.

3. A fuel cell as in claim 1 comprising at least two
control valves in parallel with said orifice or
throttle valve.

4. A fuel cell power plant as in claim 2, wherein

said fixed opening throttle valve is adjustable to at
least two different openings.

9
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5. In a fuel cell power plant including a fuel cell
stack containing fuel cells, each having an anode and a
cathode, an anode recirculation line for returning at
least a part of anode exhaust gas via an anode recycle
blower to the anode inlet, a differential pressure
transmitter for measuring a differential pressure
between the anode and the cathode, a cell cross
pPressure control valve complex, and a controller for
controlling a degree of opening of said cell cross
pressure control valve according to a measured value of
said differential pressure transmitter, the fuel cell
power plant characterized in that said cell cross
pressure control valve complex comprises a control
valve and either an orifice or a fixed opening throttle
valve, and said control valve is in parallel with said
orifice or throttle valve.

6. A fuel cell as in claim 5 comprising at least two
control valves in parallel with said-orifice or
throttle valve.
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